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Abstract
The succession–disturbance balance determines 
the present successional stage. Therefore, differen-
tial timing of grazing is expected to create species-
diverse pasture at the landscape scale because various 
stages of succession will coexist. Here, we examined 
how differential timing of grazing affects the species 
diversity of vegetation in three representative types 
of Japanese pastures (improved, partially improved 
semi-natural, and semi-natural). We simulated the 
effect of grazing in patches during three months and 
recorded the percentage cover of each plant species at 
1, 3, and 4 months after grazing. We calculated diver-
sity indices using these community data while vary-
ing the sampling probabilities. Estimated diversity 
was greater with differential timing of grazing than 
with contemporary grazing in the improved pasture, 
but diversity was lower in the semi-natural pasture, 
possibly because directional succession following 
grazing occurred only in the improved pasture. Our 
findings indicate that differential timing of grazing 
should be used for biodiversity management only 
in landscapes in which the vegetation communities 
show directional succession after grazing.
Introduction
The original concept of succession following dis-
turbance emphasized the directional replacement 
of certain types of species occurring over time in 
a particular order (McCook 1994; Platt & Connell 
2003). Disturbance tends to either delay succession or 
reverse the community to the initial state of succes-
sion. Thus, differential timing of disturbances within 
a landscape is expected to create a species-diverse 
landscape (shifting mosaic) because various stages 
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of succession will coexist (Olff & Ritchie 1998; Yo-
shihara et al. 2010). A grazing study by Smith et al. 
(2000) demonstrated this concept; they found a  larg-
er increase in plant diversity with the combination of 
spring and autumn grazing than with either spring or 
autumn grazing alone.
In temperate pastures, plant succession in grazed 
areas generally shifts from herbs to grasses to woody 
plants or trees (Balmer & Erhardt 2000). However, 
the amount of seed rain and facilitating or inhibit-
ing effects among plants influence the succession 
rate and/or succession pathway (Vieira et al. 1994; 
Pakeman & Small 2005). In an acid grassland, for ex-
ample, plots disturbed in winter (i.e., less seed rain) 
had signiﬁ cantly greater cover of perennial forbs and 
slower rates of revegetation than those disturbed in 
summer (more seed rain) (Pakeman & Small 2005). 
Therefore, the effect of grazing timing on the species 
diversity of vegetation would be expected to depend 
on grassland type.
The typical vegetation in a Japanese grazing pas-
ture is artiﬁ cially sown, which augments the existing 
pasture vegetation and thus improves its productivity. 
However, creating and maintaining this improved 
pasture require large amounts of fertilizer, exotic 
grass seeds, and higher costs for regular sward reno-
vation. Thus, in recent years grazing semi-natural 
pastures that support various wild plant species has 
received special attention as an alternative sustainable 
grazing system (Isselstein et al. 2005; Sato 2005).
Our objective is to develop a grazing system that 
will increase biodiversity in several types of Japanese 
pastures that vary in community assemblage. In the 
present study, we compared the expected species di-
versity of vegetation under simulated contemporary 
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grazing versus grazing with differential timing, and 
we examined the effect of grazing timing on diversity 
patterns in improved, partially improved, and semi-
natural pastures.
Simulating Cattle Grazing
We conducted our study at the Kawatabi Research 
Station of Tohoku University, 60 km north of Sendai, 
Japan (38˚44’N, 140˚45’E, 300–600 m above sea 
level). The climate in this region is temperate, with a 
mean annual temperature of 10.2˚C and a mean annu-
al rainfall of 1660 mm, based on records from 1979 
to 2000. The landscape is characterized by semi-
natural pastureland surrounded by secondary forests. 
The soils are derived from acidic volcanic ash and 
have adequate supplies of humus. 
We used three types of pasture at this site: (1) im-
proved pasture, which has been used for rotational 
grazing by cattle every year from May to early No-
vember, is characterized by exotic grasses that are 
sown every spring after simple ground renovation; 
(2) partially improved semi-natural pasture has sown 
exotic grasses and received a single fertilizer applica-
tion in 2008; (3) semi-natural pasture is mowed or 
grazed every autumn and receives no sown exotic 
species or renovation. In April 2009, we erected 10×
10 m fences around four blocks of land in each pas-
ture to prevent cattle from interfering with the treat-
ments. In each fenced exclosure, we created 20-, 40-, 
60-, and 100-cm diameter plots of mowed area in 
mid-May, late June, and early August, sizes and dates 
that were selected based on observed grazing activi-
ties and a practical grazing regime at this site. Twelve 
50×50-cm undisturbed plots were also located in each 
block. We recorded the proportion of each plot cov-
ered by each plant species every 2 weeks after distur-
bance.  
To simulate contemporary grazing, we pooled the 
community data from 48 plots (4 sizes × 3 monrhs × 
4 replications) collected 2 months after mowing  and 
compared these data to those from 48 undisturbed 
plots. To simulate differential timing of grazing, we 
pooled the community data of 48 mowed plots gath-
ered in early September (i.e., from 1 to 4 months after 
grazing) and compared these data to those of 48 un-
disturbed plots. 
We sampled 48 plots from the 96 pooled plots in 
each simulation, and then calculated Shannon’s index 
of diversity (H = –Σ Pi ln Pi, where Pi is the relative 
abundance of species i). This process was replicated 
1000 times by means of bootstrap iterations, and the 
average values of diversity were calculated. To pre-
dict biodiversity change while varying the proportion 
of grazing habitat types in the landscape, we resa-
mple plots from each habitat type with probability 
density function p, which varied at intervals of 0.02 
from 0.0 to 1.0. These analyses were performed with 
R software version 2.9.1 (R Development Core Team 
2009).
Comparison of the Expected Species Diversity 
of Vegetation under Simulated Contemporary 
Grazing Versus Grazing with Differential Tim-
ing
In the improved pasture, we found a total of 15, 15, 
and 16 species in the treatment plots grazed in mid-
May, late June, and early August, respectively (Table 
1). The most abundant species differed among the 
plots with different grazing timing. Among the five 
most abundant species in each plot, Anthoxanthum 
odoratum, Dactylis glomerata and Viola verecunda 
were observed only in the plots grazed in May and 
August, respectively. 
In partially improved semi-natural pasture, we 
found a total of 20, 19, and 20 species in the treat-
ment plots grazed in May, June, and August, respec-
tively (Table 1). In the plots grazed in May and June 
Pteridium aquilinum was the most abundant species, 
whereas Agrostis alba was the most abundant spe-
cies in plots grazed in August. Agrostis alba was not 
among the top ﬁ ve abundant species in plots grazed 
in May and June. 
In semi-natural pasture, we found a total of 17, 19, 
and 13 species in the treatment plots grazed in May, 
June, and August, respectively (Table 1). Miscanthus 
sinensis was one of the most dominant species in all 
plots. Among the three pasture types, partially im-
proved semi-natural pasture showed the greatest vari-
ance in cover of the ﬁ ve most dominant species.
In improved pasture, the estimated diversity in-
dex in the differential timing grazing treatment was 
slightly greater than that in the contemporary grazing 
treatment across all proportions of grazed area (Fig. 
1, top). The difference in diversity between treat-
ments decreased as the proportion of grazed area 
increased. The partially improved grassland showed 
little difference in species diversity between the dif-
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Table 1. Mean cover and standard deviation (SD) of the ﬁ ve most abundant species in plots of three pasture 
types grazed at different times 
(a) Improved pasture 
May June August
Species
cover
(%)*
SD Species
cover
(%)
SD Species
cover
(%)
SD
Agrostis alba 11.25 10.4 Rumex acetosella 12.19 15.3 Poa pratensis 15.00 11.4 
Anthoxanthum
odoratum 9.38 14.3 Agrostis alba 10.00 13.7 Carex nubigera 9.06 10.5
Poa pratensis 8.81 12.9 Poa pratensis 7.81 8.3 Viola verecunda 6.31 8.3
Dactylis glomerata 6.56 12.7 Trifolium repens 7.50 17.3 Rumex acetosella 5.81 6.9
Carex nubigera 6.44 8.1 Carex nubigera 4.38 8.1 Trifolium repens 5.81 13.4
Total 68.13 16.0 Total 57.19 36.1 Total 63.75 16.0 
(b) Partially improved semi-natural pasture
May June August
Species
cover
(%)
SD Species
cover
(%)
SD Species
cover
(%)
SD
Pteridium aquilinum 43.75 31.1 Pteridiumaquilinum 24.38 25.5 Agrostis alba 20.63 35.4 
Carex phacota 16.25 15.0 Anthoxanthumodoratum 21.56 20.3 
Pteridium
aquilinum 9.69 12.3
Carex sp. 6.25 7.4 Carex sp. 7.50 11.1 Anthoxanthumodoratum 8.00 9.3
Anthoxanthum
odoratum 5.63 7.9 Rumex acetosella 6.25 7.1 Carex sp. 4.06 10.2
Aster iinumae 5.63 11.5 Carex phacota 3.75 6.4 Rumex acetosella 3.94 8.6
Total 99.38 38.3 Total 77.94 49.4 Total 62.38 37.1
(c) Semi-natural pasture
May June August
Species
cover
(%)
SD Species
cover
(%)
SD Species
cover 
%)
SD
Miscanthus sinensis 18.13 26.1 Petasitesjaponicus 6.25 14.0 Miscanthus sinensis 9.25 12.8
Carex nubigera 6.88 11.3 Miscanthussinensis 5.00 10.1 Aster ageratoides 1.25 3.4
Anthoxanthum
odoratum 6.25 9.5
Anthoxanthum
odoratum 2.50 5.7
Anthoxanthum
odoratum 0.81 2.5 
Rubus parvifolius 3.75 10.2 Pteridiumaquilinum 2.06 5.4
Geranium
nepalense 0.69 1.5
Iris sanguinea 1.88 7.5 Lysimachiajaponica 1.25 3.4 Potentilla freyniana 0.63 1.2
Total 46.00 34.6 Total 23.19 29.0 Total 15.19 14.4 
*Mean cover was measured in early September, that is, from 1 to 4 months after the plots were mowed.
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Fig. 1. Expected values of Shannon’s index of species diversity after grazing as a function of the proportion of 
grazed and undisturbed area in three pasture types. Circles and triangles represent, respectively, the aver-
age values of diversity based on 1000 iterations in contemporary grazing and differential timing of graz-
ing treatments (see text). 
ferential timing and contemporary grazing treatments 
(Fig. 1, middle). In contrast to the improved grass-
land, the diversity index in the differential timing 
grazing treatment in semi-natural pasture was lower 
than that in the contemporary grazing treatment (Fig. 
1, bottom). In this case, the difference in diversity be-
tween treatments become greater as the proportion of 
grazed area increased.
Discussion
Our simulated grazing study revealed opposite 
effects of differential timing of grazing on species 
diversity in improved and semi-natural pastures. 
In addition, the response of species diversity in 
partially improved semi-natural pasture was inter-
mediate between the responses in semi-natural and 
improved pasture, implying that pasture type affects 
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the response. In improved pasture, succession in the 
grazed patches would occur in the following order: 
Poa pratensis, Rumex acetosella, and then A. alba 
communities, which represent the most dominant 
species recorded 1, 3, and 4 months after grazing, re-
spectively (Table 1). Thus, differential timing of dis-
turbance permits the coexistence of various stages of 
succession at the pasture scale, leading to an overall 
increase in species diversity. In semi-natural pasture, 
however, we did not observe directional replacement 
of species after grazing; Miscanthus sinensis contin-
ued to be one of the most dominant species from 1 to 
4 months after grazing (Table 1). No positive effects 
of species diversity by disturbing at various timings 
seem to be related to this dominance. Instead, site-
speciﬁ c variation in the species composition among 
contemporary grazed plots (i.e., spatial heterogeneity) 
may have had a greater effect on species diversity. 
Indeed, our results showed that the degree of variance 
from the average percent cover (i.e., coefficient of 
variance) in semi-natural pasture was relatively high 
(Table 1), which is probably due to the variation of 
light availability among microsites in the M. sinen-
sis community (Tang et al. 1992; Tang & Washitani 
1995). Variation in light availability may also explain 
why the difference in species diversity between dif-
ferential and contemporary grazing treatments in-
creased as the proportion of disturbed area increased 
in semi-natural pasture.
Our results indicate that differential timing of 
grazing is not always effective in increasing species 
diversity, because the effect of grazing timing was 
dependent on the pregrazing vegetation communities. 
Differential timing of grazing may be a good choice 
for improved pasture, because after such grazing the 
communities were clearly separated among succes-
sional stages. In semi-natural pasture, however, a sin-
gle grazing per year may be a better choice in terms 
of biodiversity management. 
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